2,814,976
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The above comparisons indicate that the elec~
trode of our invention has high electro-chemical
efficiency. The potentials observed by using our
electrode have been found reproducible to a high
degree as shown by the results indicated in-the
above tables. The largest errors are. obtained
when using a H-synthetic cation exchanger com-
position membrane (¥4, HS, H6) for measuring
potentials in the NaCl solution. Substantially
higher accuracy is obtained when the type of syn-
thetic cation exchanger used in the membrane
corresponds to the ion in solution. Furthermore,
the potentials chserved using our electrode agree
substantially with those computed and also with
those measured with a glass electrode for thesim-
ple case of pH measurement. The tables indicate
that reproducibility of better than 2 per cent in
potential is obtainable using the electrode of our
invention and that the measured potential is in-
dependent to within thig accuracy of variations in
membrane thickness, variations in membrane
resistance and variations in percentage composi-
tion.

The E. M. F.’s measured with electrodes of our
invention employing polystyrene -as the plastic
have been compared with those computed by the
well-known Nernst equation, the activities of the
sodium ions being computed from the known
mean activities of sodium chloride solutions at

the appropriate concentrations on the assump- -

tion that the activities of the chloride ions are
the same as that of the chloride ion in solutions
of potassium chloride of the same ionic strength
as the sodium chloride solutions. It is further

assumed that the activities of the potassium and @

chloride ions in potassium chloride solutions are
equal and are thus calculable from the known
mean activities of the appropriate potassium
chloride solutions. It was found that the ob-
served potentials follow closely those predicted by
this equation. The accompanying Tables V- and
VI show the results of such a comparison with
theoretically computed emf’s. The physical char-
acteristics of the particular electrodes used are

given in Table IV. The sodium ion exchange

resin referred to in Tables IV, V, and VI was the
sodium form of a sulfonated phenolic formalde-
hyde resin.

TABLE IV

Physical characteristics of some electrodes made
from bonded Na-exrchange resin ground to less
than 200 mesh and polystyrene resin mem-
branes separating NaCl solutions

Composition of
%V&emg)r%ne, Thickness | p 9?;2%:}1 e
7 . T . eight Per- [5} o
Tleetrode Number centages of | Membrane Mem%franc
Nsa-Exchange (mrm.) S ohms
resin ;
50 0.5 1, 200, 050
60 11 230, 000
60 1.2 220, 000
70 1.3 3, 600
Tl 1.6 6, 000
7 4.2 1,340
70 1.8 5, 600
I

An accuracy of better than 3 per cent in poten-
tial is indicated when compared with theoretical
computations. Eowever, the takbles show an even
higher degree of reproducibility and it is the lat-
ter criterion which is of practical importance.

The tables also show that electrode resist-
ance may vary over a wide range with sub-

B=i

20

25

80
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TABLE V

Potentials obtained at 22° C. with bonded Na-
exchange resin and polystyrene resin mem-
branes separating NaCl solution

4.000 m. NaCl and 2.000 m. NaCl and
0.700 m, NaCl 0.250 m, NaCl
Electrode

Number |Mean E. M. F. | Theoret- | Mean E. M. F, | Theoret-

Observed icel Observed ieal
(£01m.v)) {E.M.F.| (£01lmv) E.MF

(m. v.) (m. v.) (. v.) (m. v.)
51.8 5.8 53.7 53.1
517 54.8 53.7 53.1
52.4 5.8 53.8 53.1
53.2 54.8 53.3 53.1
53.0 54.8 54.0 53.1
53.3 54.8 53.3 53.1
53.5 54.8 55,0 53.1
TABLE VI

Potentials obtdined at 22° C. with bonded Na-ezx-
change resin and polystyrene resin. membranes
separating NaCl solutions

1.000 m. NaCl and 0.100 m, NaCl and
0.107 m. NaCl 0.010 m. NaCl
}i%ec"t?de Mean E. M. F. | Th Th
Number ean E. M, F. eoret- heoret-
Observed ical Me(a)résE y MdF ¢ ical
(0.1m.v.) |E. M F, vy .M. F.
(m. v.) (m. v. ) s (m. v.)
59.2 58.2 54.5 55.
58.8 58.2 55,5 55,
£9.3 58.2 56.0 55,
58.6 58.2 55.8 55.
58.9 58.2 55.6 55,
59.0 58.2 55,1 55.
60.3 58,2 55.2 55,

COoODODOLO

stantially no effect on the potentials measured
with our electrode. Furthermore, the tables show
that variations in membrane thickness are of
substantially no influence on the measured
E. M. F.’s and also that limited variations in com-
position have substantially no influence on the
measured E. M, F.’s.

As previously pointed out, the electrode mem-
brane as constructed according to our invention
may be made with relatively low electrical resist-
ance (as illustrated by the electrode designated in
the tables as D, E, F, G), thus permitting rapid
measurements to be made with an ordinary po-
tentiometer and without the use of an electronic
amplifier.

This application is a continuation of our co-
pending, co-assigned application Serial No. 75,924,
filed February 11, 1949, entitled Electrode for de-
termining cationic activity (now abandoned) and
of our copending, co-assigned application Serial
No. 95,814, filed May 27, 1949, entitled Electrode

© for determining cationic activity (now aban-

85

70

78

doned).

What we claim as our invention is:

1. A method of making an electrode which com-
prises preparing a composition by intimately mix-
ing a finely-divided cationic-exchange material
with a  chemically-inert electrically-insulating
moldable bonding resin, molding said composition
50 as to form at least a part of the wall of a con-
tainer, placing inside said container and in con-
tact with said composition an electrolyte of de-
sired cationic activity, and immersing an electri-
cal connecting element in said contained electro-
Iyte. ‘ ;




